Background: Usually, pleural fluid (PF) pH is measured immediately following thoracentesis, and if there is any delay in the measurement, the PF sample is preserved on ice. Objective: To determine if PF pH changes significantly at room temperature during the first hour following thoracentesis. Design: Prospective, self-controlled. Setting: Tertiary care center. Patients: All patients undergoing thoracentesis. Measurements: The PF pH of a sample collected in an arterial blood gas syringe was measured immediately following thoracentesis by an arterial blood pH/gas analyzer. Additional measurements were made at 5, 15, 30, 45, and 60 min from the first pH measurement (pH0), maintained at room temperature. 
M
ultiple tests are performed on pleural fluid (PF) samples obtained by diagnostic thoracentesis to help manage patients with pleural effusions. The protein and lactate dehydrogenase (LDH) concentrations of PF are measured to classify a pleural effusion as exudative or transudative. PF pH is measured to detect PF acidosis (pH Ͻ 7.30). These measurements have important diagnostic, prognostic, and therapeutic implications. [1] [2] [3] [4] [5] [6] [7] [8] [9] According to common medical practice and recommendations for PF pH measurement, the PF is collected anaerobically in a heparinized syringe and the PF pH measured immediately following thoracentesis. When delay is unavoidable, the sample is preserved on ice to prevent spontaneous acid generation and a false pH result. 6,8 -11 There is no strong scientific evidence in published English-language literature to substantiate these recommendations. We have shown earlier that even if the fluid is collected in a regular 30-or 60-mL syringe and then transferred to a heparinized syringe, the PF pH does not change significantly. 12 The primary aim of this study was to determine if the change in PF pH at room temperature during the first hour following thoracentesis is statistically or clinically significant. The secondary aim was to determine how soon after thoracentesis any important change occurs. Our hypothesis was that the change would be statistically insignificant, or if statistically significant, then clinically insignificant. We selected 1 h as the maximum time, because common medical practice presumed that PF pH would change within 1 h. Also, we believed that eliminating the rush to measure PF pH within few minutes after thoracentesis might make the procedure more convenient.
Materials and Methods
All patients, either outpatients or inpatients from any unit or floor of our institution, a tertiary care academic medical center, who were undergoing thoracentesis for any indication were eligible for this study. The patients were enrolled between May 1997 and February 1999 whenever one of the authors (BDS, LSG, or DML) was available to measure PF pH. The fluid was also analyzed by other laboratory tests, at the discretion of the ordering physician.
Measurement of PF pH
A 3-mL PF sample was collected in a heparinized syringe from the 30-or 60-mL syringe used for thoracentesis. Air bubbles were avoided by transferring the fluid slowly, and if present, they were removed by gently tapping the syringe. The syringe was kept at room temperature and tightly closed to avoid exposure to air throughout the study period, except during sampling for pH measurement. The sample was transported to the laboratory, and the first PF pH measurement (pH0) was measured within 15 min after thoracentesis. Additional pH measurements were made at 5 min after the first measurement (pH5), 15 min after the first measurement (pH15), 30 min after the first measurement (pH30), 45 min after the first measurement (pH45), and 60 min after the first measurement (pH60). All these PF pH measurements were done once at each given time schedule.
The blood pH/gas analyzer ABL300 acid-base laboratory (Radiometer; Copenhagen, Denmark) was used for PF pH measurement. The instructions of the manufacturer were strictly followed. 13 Just before each PF pH measurement, a 1-point calibration and a test for pH-electrode sensitivity (92 to 104%) were performed, and the sample was thoroughly mixed. Heat exchangers in the analyzer machine were used to bring the sample to 37°C before pH measurement, because PF pH changes inversely with its temperature. As per the specifications of the manufacturer, the inaccuracy (mean difference from the estimated pH by a reference method) of this machine is Ϫ 0.003 to ϩ 0.006 for pH from 6.95 to 7.70. The repeatability (standard deviation of repeated measurements) is 0.002. Overall imprecision for a single pH measurement (range of standard deviations due to day-to-day variation, and variations in the instrument, standard solutions, and reference methods) is 0.005 to 0.007. 13 
Exclusion Criteria
A PF pH value was excluded if it was not measured within 15 min following thoracentesis for pH0, and within 5 min of the scheduled time for other measurements. A PF sample was excluded if the pH data for that sample did not include pH0, pH60, and at least two other measurements, because of any reason including insufficient amount of the sample, unavailability of pH analyzer machine or the personnel for PF pH measurement, error message in the machine, or machine malfunction due to sample clotting.
Statistical Methods
The differences between pH0 and other PF pH values were evaluated for a statistical and clinical significance. A p value Ͻ 0.05 for a two-tailed paired t test was considered statistically significant. Pearson correlation coefficients were calculated for comparison of the mean pH0 and other PF pH values. Microsoft Excel 97 (Microsoft Corporation; Redmond, WA) and Complete Statistical System (Statsoft; Tulsa, OK) were used for the data analysis. A pH difference Ͼ 0.05 was considered clinically significant. The statistical power to detect this difference was estimated using the UnifyPow macro for SAS version 6.12 (SAS Institute; Cary, NC) based on the standard deviations and the Pearson product-moment correlation between the pH values.
Results
Thirty-six PF samples were obtained. Eight samples were excluded for the following reasons: (1) pH0 was not measured within 15 min following thoracentesis because of delay in transportation of the sample to the laboratory (n ϭ 4); (2) pH60 was not measured because of insufficient amount of the sample (n ϭ 1); and (3) more than two other PF pH values (other than pH0 and pH60) for a given sample were not measured within 5 min of the scheduled time because of the unavailability of pH analyzer machine (n ϭ 1) or because of the machine malfunction due to sample clotting (n ϭ 2).
The patient and pleural effusion characteristics for the remaining 28 PF samples are shown in Table 1 . The etiologies of the pleural effusions in these patients were as follows: primary thoracic malignancy (n ϭ 11), with adenocarcinoma (n ϭ 4) and other non-small cell carcinoma of lung (n ϭ 1), esophageal carcinoma (n ϭ 3), mesothelioma (n ϭ 1), Hodgkin's lymphoma (n ϭ 1), and nonHodgkin's lymphoma (n ϭ 1); metastatic extrathoracic malignancy (n ϭ 5), with breast adenocarcinoma (n ϭ 2), melanoma (n ϭ 1), ovarian carcinoma (n ϭ 1), and right hypernephroma (n ϭ 1); parapneumonic effusions (n ϭ 4); congestive heart failure (n ϭ 3); ARDS (n ϭ 2); traumatic hemothorax (n ϭ 1); chylothorax (n ϭ 1); and unknown (n ϭ 1).
The pH0 (mean Ϯ SD) was 7.351 Ϯ 0.158, and pH60 was 7.359 Ϯ 0.161 (Tables 2, 3 ). The change in PF pH over 1 h was neither clinically nor statistically significant (mean difference Ϯ SD, 0.008 Ϯ 0.026; p ϭ 0.13). There was a strong positive correlation between pH0 and pH60 (correlation coefficient, 0.987; p Ͻ 0.001; Fig 1) . The statistical power to detect a difference of 0.05 between pH0 and pH60 (based on the difference in their mean Ϯ SD and correlation coefficient) was Ͼ 95%. Similarly, for the subgroup with PF acidosis (8 of 28 samples), the change in PF pH over 1 h was not significant (NS) (pH0, 7.176 Ϯ 0.209 vs pH60, 7.178 Ϯ 0.203; mean difference Ϯ SD, 0.002 Ϯ 0.019; p ϭ 0.83). Even a very low PF pH (pH0, 6.664) in one patient (patient 16 in Table 2 ) did not change following 1 h at room temperature (pH60, 6.680; change, 0.016; Fig 1) .
The changes in pH5, pH15, pH30, and pH45 from pH0 were also NS (mean differences, 0.002, 0.003, 0.005, and 0.004, respectively; p values, 0.51, 0.21, 0.06, and 0.22, respectively). For 28 PF pH values of pH0 and pH60, the sample sizes for pH5, pH15, pH30, and pH45 were 24, 24, 24, and 25, respectively. Hence, the comparison of each of these interim pH values and pH0 was done after excluding the pairs with missing data. There was a strong positive correlation of pH5, pH15, pH30, and pH45 with pH0 (correlation coefficients 0.997, 0.998, 0.997, and 0.995, respectively; p Ͻ 0.001 for each). The changes in pH5, pH15, pH30, pH45, and pH60 from pH0 were clinically insignificant (Յ 0.05) in 97.6% (122 of 125) of values compared. Only 2.4% (3 of 125) of changes (Ϫ0.066, 0.060, and 0.066; all for pH60) were Ͼ 0.05 and therefore clinically significant. Table 2 shows the individual values of pH0 and pH60, the difference between pH0 and pH60, the cell counts and chemistry of PF, and the correlation of pH0 to these variables for all 28 patients. The pH0 value correlated inversely with neutrophil count (expressed as percent of total WBC count; r ϭ Ϫ0.41; p ϭ 0.03) and LDH concentration in the PF (r ϭ Ϫ0.63; p Ͻ 0.001), but did not correlate with the total WBC count, lymphocyte count, protein, or glucose concentration in the PF (p Ͼ 0.05).
Discussion
In the present study, we have demonstrated that there is no clinically or statistically significant change in PF pH during the first hour following thoracentesis in various types of pleural effusions, even if the PF is maintained at room temperature (Fig 1 and  Tables 2, 3 ). The pH60 was expected to be lower than pH0 due to acid generation in the fluid, but instead the mean value was insignificantly higher by 0.008 pH units (Tables 2, 3 ). The mean difference was just above the upper level of imprecision (0.007) of the pH measurement by the analyzer machine. The changes in interim PF pH values (pH5, pH15, pH30, and pH45) from pH0 were also NS. The changes from pH0 for 97.6% of PF pH values (other than pH0) were clinically insignificant.
One might hypothesize that the PFs with a low pH would have a tendency to generate more acid over 60 min. However, this study suggests otherwise. The pH of the eight PF samples with low pH (pH Ͻ 7.30) also did not change significantly (mean difference, 0.002 Ϯ 0.019; p ϭ 0.83) at room temperature during the first hour following thoracentesis. Even a very low baseline PF pH did not change significantly (pH0, 6.664; patient 16; Fig 1; Table 2 ). The patient with this PF pH was a 61-year-old man who had squamous cell carcinoma of right middle lobe and associated right pleural effusion with very high PF LDH (1,941 U/L), protein (6.1 g/dL), and neutrophil count (63%), and negative microbiologic cultures and cytology. His pleural fluid was considered to be parapneumonic. His malignancy was staged as III B, and he underwent right pneumonectomy without immediate complications.
There are important clinical implications of PF pH measured accurately. A single PF pH reflects a steady state of multiple metabolic and kinetic factors. The proposed mechanisms of PF acidosis include multiple factors other than acid generation by the PF per se. 6 The PF pH is directly related to the arterial blood pH, and in transudative effusions, it is usually higher than the simultaneous blood pH. 2 The common clinical conditions causing an exudative pleural effusion with a PF pH of Ͻ 7.20 include empyema, complicated parapneumonic effusion, malignant pleural disease, tuberculous pleuritis, esophageal rupture, hemothorax, and collagen vascular diseases, such as rheumatoid and lupus pleuritis. 3, 4, 8, 9 Parapneumonic effusions with PF acidosis usually do not resolve spontaneously, may loculate, and require a chest tube thoracostomy, despite not being strictly classified as empyemas. 2, 4 PF acidosis in malignant pleural effusions is associated with higher positive rates in PF cytology results, shorter survival, and poor response to pleurodesis. 5 Changes in PF pH with time and preservation of the sample at different temperatures has been evaluated in three studies. In the first study of 23 samples preserved at 37°C incubation, the mean reduction in PF pH was 0.54 (range, 0 to 1.8) after 24 h. 6 None of the samples showed an increase in PF pH. The degree of acid generation was not related to the baseline pH, but it was higher in PFs with higher leukocyte count and lower oxygen tension. In addition, it was greatest in empyema, intermediate in carcinomatous effusions, and minimal in rheumatoid pleuritis. Although PF pH was also measured at 3, 6, and 12 h from the time of incubation, these results were not reported. 6 In a second study, the pH of eight PF samples maintained anaerobically at 0°C for Ն 8 h did not change Ͼ 0.02. 2 In a third study of 25 exudative, nonpurulent pleural effusions refrigerated at 5°C, PF pH did not change significantly even after 24 h (mean increase, 0.035; p ϭ 0.17). 11 However, to our knowledge, there is no report in Englishlanguage literature describing the occurrence or magnitude of change in PF pH at room temperature during the first hour following thoracentesis. Reports comparing the accuracy of the blood gas machine, pH meter, and pH indicator strips have demonstrated that only the blood gas machine is sufficiently accurate. 10, 11, 14 Because we could find no change over time even using the blood gas machine, the most accurate method, our results indicate a genuine absence of change, not a measurement error.
One of the minor limitations of this study is that the number of patients studied is small. However, the statistical power of detecting the clinically significant difference of 0.05 is Ͼ 95%. A larger sample size might have been helpful in subgroup analysis to further support our conclusions. Another limitation is that there may be a small selection bias due to exclusion of two grossly purulent samples that clogged the fluid in the analyzer machine. However, some authors believe that determining PF pH may not change the management of grossly purulent effusions, because they all require drainage by chest tube thoracostomy. 11 Although our study was not designed to assess the correlation between PF pH and other characteristics of PF, it was found that pH0 correlated (p Ͻ 0.05) inversely with neutrophil count (expressed as percent of total WBC count) and LDH concentration in PF, but had no significant correlation with total (2) after 60 min of the sample preservation at room temperature (pH60). The differences between pH0 and pH60 were not clinically or statistically significant, for either the whole group (n ϭ 28) or for the fluids with acidosis (pH0 Ͻ 7.30; n ϭ 8).
WBC or other cell counts and other chemistry values (p Ͼ 0.05; Table 2 ). One study investigating the relation between the baseline PF pH and chemistry found similar inverse correlation for LDH concentration, and also for the ratio of PF glucose to serum glucose concentration. 7 
Conclusion
The PF pH of a sample preserved anaerobically (exposed to air only during transfer from the syringe to a blood pH/gas analyzer) at room temperature does not change significantly during the first hour following thoracentesis. Hence, contrary to the common medical practice, the sample need not be rushed to the laboratory within few minutes after thoracentesis, but could be taken to the laboratory at leisure to have the pH measured any time during the first hour without being preserved on ice. This is true for a variety of pleural effusions, both transudative and exudative, and with either normal or low pH. These changes may make the procedure of PF pH measurement more convenient without compromising the quality of the pH results.
